In this note I review the current determination of the unitarity triangle parameters by using the theoretical and experimental informations available until summer 2000.
Prologo
Tremendous improvements in the determination of the unitarity triangle parameters have been achieved during the last 10 years as illustrated by the reduction of the selected region in the (ρ − η) plane shown in Figure 1 .
What are the main "responsibles" for this success ?
• the continuous and precious work done by the CLEO Collaboration,
• the precise and somehow "unexpected" results obtained by SLD and LEP Collaborations, which give the main contribution to pass from 1995 to 2000 configurations shown in Figure 1 ,
• the top quark discovery and the accurate measurement of its mass at the TeVatron,
• the improvements in Lattice QCD calculations,
• the improvements in the theoretical calculations for extracting |V cb | and |V ub |.
In this short note I indicate how these results have been obtained and I also try to convince the most sceptical readers (if still any....) that these results are robust. More details can be found in [1] and in previous works [2] - [6] . The allowed region for ρ and η using the constraints given by the measurements of |V ub | / |V cb |, |ε K |, ∆m d and ∆m s . The contours at 68 % and 95 % probability are shown.
2 The main actors (Allegro con brio, crescendo continuo)
The central values and the uncertainties for the relevant parameters used in this analysis are given in Table 1 . 
, ∆m d and ∆m s . The Gaussian and the flat part of the error are given explicitly.
A general remark is important. The adopted attitude is to use all informations available at present to get the best possible values for the different quantities obtained from most recent measurements and theoretical studies (mainly from lattice QCD). I strongly disagree, in the contrary, with
• the attitude which consists in inflating the errors at maximum to be "conservative".
Personally I do not understand it. In this way we will never test anything. If the results of this work are the best possible predictions, theoreticians and experimentalists have to work at best and they cannot cheat ! Wrong theories or models and wrong experimental results will not survive for long. If significant differences appear when comparing different evaluations of the CKM parameters, before claiming for new physics, other possible origins have to be considered. An interesting example is given by the evaluation of the angle γ as shown in the next section.
• the attitude which consists in not using some measurements on the basis of subjective/suspicious arguments ("someone told me that...."). Or it can be demonstrated that these results are wrong or they have to be used.
In the following I give a short comment on the determination of the different parameters.
• |V cb |. Two methods are used to extract |V cb |. The first one makes use of the inclusive semileptonic decays of B-hadrons and the theoretical calculations to extract |V cb | are done in the framework of the OPE (Operator Product Expansion). A second method consists in using the exclusive decays B
In this case the value of |V cb | is obtained by measuring the differential decay rate at maximum q 2 (q 2 is the mass of the charged lepton-neutrino system) in the framework of HQET. The present exclusive measurements are marginally compatible (the fit probability is 6%) A procedure [12] developed to combine results which appear to be in mutual disagreement has been adopted. The quoted central value for |V cb |, in Table 1 , corresponds to the present world average using inclusive (from LEP) and exclusive (from LEP and CLEO) measurements after having applied this procedure. Without this procedure the error on |V cb | would be ±1.8 × 10 −3 .
•
. The CLEO collaboration [7] has measured the branching fraction for the decay B 0 d → ρ + ℓ − ν ℓ and the value of |V ub | is deduced by using several models. LEP experiments have shown their capabilities to measure Br(b → uℓνX) with less statistical precision with respect to the one from CLEO and with reduced systematic uncertainties. They use several kinematical variables, in events with an identified high transverse momentum lepton, which have a distinctive power to discriminate between b → c and b → u transitions. Using models based on the OPE, a value for |V ub | is obtained. These two measurements have been reported in Table 1 . The uncertainties are uncorrelated between CLEO and LEP results.
• ∆m s . The limit on ∆m s , at 95% C.L. has not increased much as compared to last year result, after the addition of recent measurements from the SLD/LEP Collaborations, but the sensitivity has been improved a lot reaching ∆m s = 18.0ps
[9], [10] .
• non perturbative QCD parameters. Important improvements have been achieved in the last few years in the evaluation of non-perturbative QCD parameters, in the framework of lattice QCD, for B hadrons. As a consequence, the attitude which is chosen here is to take only the most recent values. The central values and the uncertainties given in Table 1 have been evaluated in [1] and are in good agreement with those given in the three most recent reviews [13] - [15] .
The results (Andante allegro)
The region in the (ρ, η) plane selected by the measurements of |ε K |, |V ub /V cb |, ∆m d and from the limit on ∆m s , is shown in the bottom plot of Figure 1 . The measured values of the two parameters are:
Fitted values for the angles of the unitarity triangle have been also obtained :
sin(2β) = 0.723 ± 0.069 , sin(2α) = −0.28 ± 0.27 , γ = (58.5 ± 6.9)
Few comments can be made:
• sin(2β) is rather precisely determined. The world average (CDF/LEP/BABAR/BELLE) of this quantity measured using J/ψK S events is sin(2β) = 0.52 ± 0.22
• the angle γ is known within an accuracy of about 10%. The probability that γ is greater than 90
• is only 0.03%. This result is mainly due to the improved sensitivity on ∆m s and is very slightly dependent on the value and on the error assigned to ξ parameter. The central value for the angle γ is much smaller (more than 2σ) than that obtained in recent fits of rare B-meson two-body decays [16] .
One of the most important result of this study consists in removing the theoretical constraint forB K in the measurement of |ε K |. The corresponding selected region in the (ρ, η) plane is shown in Figure 2 , where the region selected by the measurement of |ε K | alone is also drawn (at 68% probability). This comparison shows that the Standard Model picture of CP violation in the K system and the one obtained by studying B hadron decays and oscillations are consistent. This can be quantified by comparing the value of theB K parameter obtained from lattice QCD calculations with the one extracted by using constraints from b-physics alone : The allowed region for ρ and η using the constraints given by the measurements of |V ub | / |V cb |, ∆m d and ∆m s . The constraint due toB K on |ε K | is not included. The region (at 68% probability) selected by the measurements of |ε K | is also drawn.
An informative exercise consists in removing other theoretical or experimental constraints (asB K in the previous example). This illustrates the effectiveness of each constraint and gives their expected value within the Standard Model. The most significant results are :
4 Stability Tests (Adagio....
. con calma)
To show the robustness of these results it is necessary to answer two basic questions :
• How the quoted accuracies on the unitarity triangle parameters change if :
1. the input parameters are changed ? 2. a different statistical method is used to obtain the results ?
1. Before showing the numerical tests I would like to clarify that the aim of this work is to try to use at best the available measurements and theoretical estimates (see Sect. 2). Nevertheless it is a basic exercise to verify how the accuracy quoted on final results depends on the assumed values for the different input parameters. A similar work has been already presented in [5] . The test has been done by multiplying all the flat theoretical error distributions by a factor 2 (and the same factor has been applied on the error on |V cb |). It results, for example, in attributing an error to |V cb | of (±3.8 × 10 −3 ) and toB K of (± 0.06(Gaus.) ± 0.26(flat)).
The main conclusion of this study is that: even in this extreme case the unitarity triangle parameters are determined with an uncertainty which increases by about 1.5 (see Table 2 ), I suggest people to use these numbers when discussions are made on this item ! (until new and more accurate studies will be available).
Parameters
Std. Result Theo. x 2 , |V cb | x 2 Maximal Increase ρ 0.206 ± 0.043 ± 0.070 ∼1.6 η 0.339 ± 0.044 ± 0.060 ∼1.4 sin2β 0.723 ± 0.069 Table 2 : Stability tests. Variation of the error on some unitarity triangle parameters obtained by multiplying the flat part of the theoretical error by a factor 2 as well as the error on |V cb | by the same factor.
2.
A comparison between the results obtained using the standard method (used to get the results presented in this note) and the scanning method (adopted by the Babar Collaboration) has been done. To do this comparison, the same central values and errors for the parameters have been used in the two cases. When a parameter is scanned, in the scanning approach, a flat distribution corresponding to the scanning range is used in the standard approach. These parameters are those given in [17] . In Figure 3 , the "95% C.L." contours obtained with the two methods have been compared and the 95% C.L. intervals for ρ, η and sin2β are given in Table 3 . The main conclusion is that : when the same input parameters are used, very similar results are obtained using the two methods. It is not, anymore, justified to quote the standard method as too optimistic.
Furthermore the BaBar 95% C.L. scanning is based on an ad hoc prescription intended to define only a "95% C.L." region . The meaning of this statement is unclear: the so called "95% C.L. region" does not correspond to the usual statistical definition of 95% confidence that the values of parameters lie in that region, neither in a frequentist sense, nor in a Bayesian one, being the interval obtained from the envelope of 95% C.L. ellipses. The contour corresponding to 95% probability, in the standard approach, has been compared with the envelope of 95% C.L. ellipses obtained in the 95% C.L. scanning method. In case of the standard approach, the 68% contour is also drawn. The parameters used in this study are those given in [17] . The fact that the allowed region in (ρ-η) plane is larger with respect to the one presented in the bottom of Figure 1 is because the input parameters used correspond to the current knowledge at the beginning of 1998. Table 3 : Comparison of standard and 95% C.L. scanning approaches. It may be noticed that in this comparison, in the standard method the quoted interval corresponds to 95% probability for the considered parameter, whereas in the 95% C.L. scanning this interval is obtained from the extreme values spanned in a 2-d distribution.
Conclusions (Finale con brio)
The determination of the unitarity triangle parameters has already entered in a mature age : the age of precision tests. I have illustrated the impressive improvements on the determination of the two sides of the unitarity triangle using only B decays and oscillations. The selected region in the (ρ-η) plane is well compatible with the measurement of CP violation in the Kaon system. A similar test is expected soon from the direct measurement of sin2β at B-Factories and future hadron machines.
The results shown here are robust and stable, by varying the different input parameters, and do not really depend on the statistical method used to obtain them.
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